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Abstract 
According to the ambiguity and uncertainty for evaluation on Modernization of the Inland Port and Shipping Management 
(MIPSM) as well as the deficiency of objectivity and accuracy for traditional evaluation methods, the paper establishes the 
index system for the evaluation based on DPSIR model. Moreover, the paper determines the index weight based on Entropy 
Weight. Thus, the stage of development of MIPSM is determined according to the gray correlation degree between the 
evaluated objective and the stage of development. Credible results are obtained from the case application.. Therefore, this 
research can provide a new way to evaluate the modernization of the inland port and shipping management. 
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1. Introduction  
Modernization of the Inland Port and Shipping management(MIPSM)refers to, during a certain period of time, as 
with modernization of the inland port and shipping development to a certain extent, establishing a modern 
management system by the integrated use of high-tech, high-efficient management equipments and other modern 
means, to carry out modern management to the related elements of inland port and shipping, to realize the 
ecological construction, high efficient service, technical supervision, sustainable development of the inland 
shipping system. The components of the definition are showed in the Fig. 1. Studying on evaluation of MIPSM, 
is not only conducive to the development of inland water transport modernization, but also contributes to the 
development of a modern integrated transport system. 
                                                          
* Tel: 15072410004; fax: 027-86544523. 
E-mail address: wenxiaofenglin@163.com 
Available online at www.sciencedirect.com
© 20   uthors. Published by Elsevi r Ltd. Open access under CC BY-NC-ND license.
Selecti  d peer-review under responsibility of Chinese Overseas Tran portatio  Association (COTA).
1793 Xiaofeng Wen and Ning Chen /  Procedia - Social and Behavioral Sciences  96 ( 2013 )  1792 – 1800 
 
 
Fig. 1. Connotation of MIPSM 
 
2. Establish evaluation index system of MIPSM based on DPSIR model  
2.1. Theory of DPSIR model frame 
     DPSIR model is established by OECD combining the advantages of Pressure-State-Response (PSR) model 
and Driving-State-Response (DSR), namely, Driving-Pressure-State-Impact-Response model. DPSIR model is a 
frame that organizes information and related indexes based on causal relationship, a theory frame of evaluation 
index system widely used under the environmental system. This frame has become an effective method to judge 
the causal relationship between the environmental state and the environmental problems (Jagoon, et.al; 2009, 
Zhang & Deng, 2011; Du, et.al, 2005). 
     According to the advantages of integrated, synthesis and flexibility, the DPSIR model has been widely used 
for evaluation in the environmental system, and there are many scholars have tried to promote the application of 
DPSIR model to other areas (Xie, 2005; Fan, 2008; Wagenpfeil, et.al, 2010). The paper tries to introduce the 
DPSIR model into the evaluation for MIPSM. The paper filters out the evaluation indexes in line with the 
principles of the indexes screening after the analysis of the relationship among different factors in the model, 
then, establishes the evaluation system for MIPSM. And then, the paper gives an example to test the feasibility of 
the evaluation index system, which provides scientific theory basis for the construction of MIPSM. 
2.2. Index system for evaluation of MIPSM based on DPSIR model 
     Basing upon the theory of DPSIR model frame, this paper firstly gives an analysis about the relationship 
between the inland port and shipping management system and the inland port and shipping system, social system, 
ecological environment system, then tries to find out the index system those can better reflect the modern level of 
the inland port and shipping management. The diagram of relationship among the index system for evaluation of 
MIPSM based on DPSIR model is showed as Fig. 2. 
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Fig. 2. Relational diagrams among index system 
 
 Analysis on driving indexes.  Driving indexes infer to the indirect impact factors that promote the 
development of MIPSM, which mainly describes from the terms of the level of economic and trade 
development, the degree of inland waterway transport. The level of economic and trade development 
can be mainly reflected in the indexes such as, the proportion of the region to the peripheral total GDP, 
regional import and export trade status and port industrial agglomeration level. The degree of inland 
waterway transport can be reflected in the indexes such as the policies to guide index, waterway 
transport turnover growth. 
 Analysis on State indexes. State indexes infer to the direct reflection of performance obtained under the 
impacts of the driving and press forces. These indexes can be seen through the status of infrastructure, 
security status, technology status, and the personnel development status of the inland port and shipping. 
The status of port and shipping infrastructure can be embodied by the indexes such as, waterway 
construction and maintenance, development and management of ships, status of shipping companies; the 
security states of port and shipping can be reflected in the indexes such as, water cleaning, water safety, 
ship inspection and emergency response; the technology state of port and shipping can be embodied by 
the indexes such as, the coverage of technical supervision on the port and shipping, technical inputs to 
the port and shipping; the state of personnel development can be reflected by the indexes such as the 
personnel structure of port and shipping. 
 Analysis on Impact indexes. Namely, the consequences to the port and shipping system, social system 
and the environmental system brought by the development of MIPSM. The indexes must take the State 
indexes into consideration in order to make them correspond to each other and highlight the importance 
of MIPSM in the development of port and shipping system. Indicators are embodied by the following 
indexes, coordinated level of port and shipping development, service level of shipping transport 
logistics, the security level of shipping transport, and level of sustainable development. 
 Analysis on Response indexes. In order to promote the development or assure the status of MIPSM, the 
policies, actions and countermeasures taken by the government or the corresponding departments. The 
selecting principle is making sure or promotes the level of development and influences of MIPSM. 
Indicators are embodied by indexes, organization consummation, and development of talent, enterprises 
and social response. 
       In summary, after thoughtful analysis of indexes system of MIPSM based on DPSIR Model, the paper 
chooses the following indexes for evaluation of development level of MIPSM from the related elements, shown 
in the Table1  
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                    Table1 Indexes system for evaluation of MIPSM 
Type of Index Influencing Indexes 
Driving Indexes D Level of economic and trade development D1 
 Level of shipping transport emphasis D2 
Pressure Indexes P Level of development of ecological civilization P1 
 Level of PAS competition P2 
State Indexes S State of shipping infrastructure S1 
 State of port infrastructure S2 
 State of ship infrastructure S3 
 State of Port and shipping technology S4 
 State of Port and shipping talent S5 
Impact Indexes I Level of coordinated develo  
 Level of shipping logistics service I2 
 Level of shipping security service I3 
 Level of sustainable development I4 
 Level of social evaluation I5 
Response Indexes R Level of organization consummation R1 
 Level of talents development R2 
 Level of social and corporate response R3 
3. Application of evaluation of MIPSM based on Entropy Weight and Gray Correlation degree 
comprehensive evaluation 
3.1. Principles of evaluation method 
Evaluation of Gray Correlation method is a multifactor statistical evaluation method, which uses the gray 
correlation degree to describe how close or how to sort the relationship among different elements according to 
sample data of each element (Yang&Yan, 2012).  The operational objectives of this method are to be the time 
series of related elements. The comparative sequences consist of each index value of the evaluated object, the 
optimal sample data to be the reference sequence. The greater the gray co relational degree between the 
comparative sequence and the reference sequence, the closer the comparative sequence approaching to the 
reference sequence, namely the better. MIPSM is a developing process that only has a starting point, no end and 
goes forward step by step. Nowadays, there are not unified standard values of modernization indexes. 
Furthermore, even if there are standard values of modernization indexes, they all need to be constantly revised 
according to time and geographical changes, for the characteristics of geographical differences, period 
differences of MIPSM. Therefore, the paper tries to regard the sequence of the index value of the evaluated 
object as the reference sequence, the index value of the four stages of development as comparative sequences. 
Then this paper calculates the gray co relational degree between the comparative sequences and reference 
sequence, the result of which is used to evaluate the stage of development of MIPSM. The greater the gray co 
relational degree, the higher the similarity between the comparative sequence and the reference sequence. 
Conversely, it shows that the reference sequence is closer to the corresponding comparative sequence, that is, 
more closely to the stage of development of the comparative sequence represented. 
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3.2. Steps of evaluation 
1 Determine original data reference sequence  
: mk XXXX 002010 ,...,, , which is taken as reference 
sequence. Where in, ),...,2,1(0 mkX k indicates the k-th index
the number of evaluation indexes. 
2 Determine data of stages of development comparative sequence 
If there are four stages of development of MIPSM in the system of evaluation, stage of backward denoted by j=1, 
stage of starting denoted by j=2, stage of developing denoted by j=3, stage of maturity denoted by j=4, so the 
comparative sequence is denoted by: ),...,2,14,3,2,1(,,...,, 21 mkjXXXX jmjjjk . In equation, 
Xjk indicates the k-th index value of the j-th stage of evaluation. 
3 Standardization of index value 
    Because there are different dimensions and sets of numbers, these data can be used for comparison, so they 
need to be standardized. For qualitative indexes, the method of points system is used for standardization; as for 
other data, different data conversion methods are used according to the types of data. After standardization, the 
whole comparative sequences denoted as follows: 
m
m
m
m
kkkk
yyy
yyy
yyy
yyy
YYYYY
44241
33231
22221
11211
4321
...
...
...
...
,,,   (1)
The reference sequence denoted as: omoook yyyy ,...,, 21  
4  Determine the index weights based on Entropy Weight 
 Calculate the proportion pik: 
),...,2,1;4,3,2,1,0(4
0
mki
y
yp
i
ik
ik
ik              (2) 
In equation, pik indicates the k-th index value accounted for the total value of the i-th sequence. 
 Calculate the entropy power ek of the k-th index:                                                        
)4,3,2,1,0(
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4
0
i
i
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ikk              (3)                  
 Calculate the entropy weight dkw  of the k-th index, denoted as follows:  
m
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1
1
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d
kw         (4) 
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5 Calculate the correlation coefficient 
The reference sequence is omoook yyyy ,...,, 21 , while the comparative sequence are 
omoook yyyy ,...,, 21 , the correlation coefficient of the k-th index value of the j-th stage of development 
with the k-th index value of the evaluated object is, as follows: 
jkkkjjkk
jkkkjkj
d
yyyy
yyjkk
k
yy
j
00
0
maxmax
maxmax0minmin
                 (5) 
In the above formula,  indicates the distinguish ability, generally choosing the data between 0.1 and 0.5. So 
the correlation coefficient matrix denotes as follows:    
mmmm dddd
dddd
dddd
d
j
4321
4321
4321
:...::
2222
1111
(6)
6 Calculate the gray correlation degree                           
The formula of calculation is as follows: 
)(
...
)2(
)1(
,...,, 21
m
wwwwR
d
d
d
d
m
dddd
j
j
j
j
j
d (7)      
In the above formula, djR  indicates the matrix of gray correlation degree of the j-th stage of development with 
the evaluated object in the d-th layer. dm
ddd www ,...,,w 21 , indicates the weights matrix, which is calculated 
by Entropy Weight. The rest may be deduced by analogy. The evaluation results of each layer can be regard as 
layer. 
7 Analysis of the comprehensive evaluation result 
According to the dimension of the gray correlation degree, we can determine the stage of development of 
MIPSM. The greater the gray correlation degree, the more the stage it represented can reflect the developing level 
of MIPSM. 
4. Analysis of a city s MIPSM for instance 
1) Standardization of initial data 
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                                  Table 2. Standardized data 
Influencing Indexes X0 X1 X2 X3 X4 
D1 0.164  0.092  0.151  0.231  0.092  
D2 0.212  0.099  0.165  0.226  0.298  
P1 0.211  0.114  0.173  0.225  0.277  
P2 0.197  0.153  0.191  0.217  0.242  
S1 0.233  0.099  0.161  0.223  0.285  
S2 0.173  0.078  0.134  0.212  0.403  
S3 0.285  0.064  0.118  0.214  0.318  
S4 0.262  0.082  0.151  0.203  0.302  
S5 0.237  0.107  0.152  0.206  0.297  
I1 0.248  0.099  0.158  0.198  0.297  
I2 0.207  0.099  0.155  0.220  0.320  
I3 0.376  0.270  0.320  0.366  0.418  
I4 0.210  0.168  0.189  0.203  0.230  
I5 0.226  0.147  0.183  0.208  0.237  
R1 0.208  0.133  0.175  0.225  0.259  
R2 0.212  0.150  0.188  0.213  0.238  
R3 0.101  0.144  0.176  0.216  0.249  
 
  2) Entropy Weight to determine the weights of the main indexes 
        Table 3 Weights of the main indexes 
 First-layer Indexes Weight Second-layer Indexes Weight 
Driving Indexes D 0.228  
 
Level of economic and trade development D1 0.641  
Level of shipping transport emphasis D2 0.359  
Press Indexes P 0.208  
 
Level of development of ecological civilization P1 0.814  
Level of PAS competition P2 0.186  
State Indexes S 0.204  
 
State of shipping infrastructure S1 0.124  
State of port infrastructure S2 0.199  
State of ship infrastructure S3 0.299  
State of Port and shipping technology S4 0.226  
State of Port and shipping talent S5 0.152  
Impact Indexes I 0.192  
 
 0.122  
Level of shipping logistics service I2 0.520  
Level of shipping security service I3 0.103  
Level of sustainable development I4 0.204  
Level of social evaluation I5 0.050  
Response Indexes R 0.168  Level of organization consummation R1 0.604  
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Level of talents development R2 0.153  
Level of social and corporate response R3 0.243  
 
3) Gray Relational Analysis method to calculate the correlation degree 
                     Table 4 The gray correlation degree 
Items X1 X2 X3 X4 
Driving D 0.524  0.771  0.734  0.381  
Press P 0.469  0.796  0.786  0.512  
State S 0.332  0.456  0.627  0.611  
Impact I 0.596  0.797  0.770  0.662  
Response R 0.549  0.801  0.785  0.659  
MIPSM 0.491  0.722  0.739  0.556  
 
   4) Analysis of the evaluation results 
      The correlation degree of X0 with X1 X2 X3 X4 is 0.491, 0.722, 0.739, and 0.556, respectively. The 
correlation degree of X0 and X3 is the highest, with X2 in the second place. This result gives us the information 
that the level of modernization of the inland port and shipping management of the port lies in the stage of 
developing. Taking the practical situation of the port into consideration, we can see that the result is close to the 
real facts and it is reasonable, credible, and realistic.  
5. Conclusions  
     MIPSM is the high-level stage of development of modernization of port and shipping, which is conductive to 
improving the efficiency of port and shipping management and guarantees the development of port and shipping. 
The paper designs the evaluation index system that is novel and reasonable, based on using the DPSIR Model 
flexibly; establishes an evaluation method based on Entropy Weight and modified Gray Correlation Degree, 
can reduce the computational 
subjectivity effectively. The paper modifies the correlation coefficient masterly, determines the stage of 
development of MIPSM according to the gray degree of the stages of evaluation with the evaluated object. The 
method to design the evaluation index system not only considers the influencing elements of port and shipping 
system, but also comprehensively takes the mutual interacted systems such as socio-economical system, the 
environmental system into consideration; with these considerations the selected indexes have better 
representative ness and influence. Moreover, the method is simple and convenient in calculation, with a 
reasonable and credible result.  
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